This study evaluated the effect of storage period on the physiological and health quality of soybean seeds. The experiment was arranged in a factorial scheme (4 x 2 x 2) with four periods of storage (0, 2, 4 and 6 months), two soybean cultivars ('BRS Pintado' and 'MSOY 8866') and treated and untreated seeds with the formulated mixture of active ingredients pyraclostrobine (25 g i.a L ) in a 0,1 L.ha -1 dosage of the commercial product. Concerning health, there was a reduction of Aspergillus spp., Cercospora kikuchii, Colletotrichum dematium var. truncata and Fusarium spp fungus when periods of storage were increased independently if storage interactions occurred due to cultivar, treatment and/or all analyzed factors. cv. 'BRS Pintado' stood out by presenting lower results on the occurrence of fungi. The isolated cultivar factor presented a significant result concerning the physiological quality and c.v. 'BRS Pintado' showed better results in the variables: germination of seeds from the speed aging test, germination, shoot lenght from the speed emergence test, and both shoot dry matter and root dry matter of germination. There was an interaction for the speed emergence index variable between storage versus cultivar, in which cv. 'BRS Pintado' achieved better average results in all periods of storage. The storage factor alone was significant for shoot length of plants from the speed emergence index, the shoot plant dry matter from the emergency speed index, root dry matter of seedling germination and germination of seeds subjected to accelerated aging. The isolated treatment factor was significant in the germination variable and the untreated seeds showed better results in relation to the treated ones. However, the difference of these values would not be significant at the field. Treated seeds showed better results compared to untreated ones in most of the analyzed variables and their association with seeds storage did not affect the physiological quality evaluation during six months of evaluation, enabling the maintenance of the health quality of seeds.
INTRODUCTION
The soybean (Glycine max (L.Merr.)) is an important legume being prominent among the main oleaginous plants in the world. Brazil is the second largest producer in the world, reaching around 119 thousand tons in the 2017/18 harvest [1] .
According to França-Neto et al, [2] the most important factor for the success of soybean cultivation is the use of high quality seeds, which generate high vigor plants, which will have superior performance in the field, allowing access to genetic advances, with the guarantees of quality and adaptation technologies in the various regions, ensuring greater productivity.
Seed quality is a key factor for the establishment of crops with high productive potential. However, adverse climatic conditions can compromise the early development of plants. Thus, in situations unfavorable to germination and emergence, mainly low water availability in the soil, the chemical treatment of seeds with fungicides is an essential practice to ensure the adequate booth, in addition to reducing the possibility of introduction of pathogens in indian areas [3] .
Several factors are responsible for the loss of seed quality. The association of the seeds with phytopathogenic microorganisms can compromise the quality of the seeds in all stages of production. Among the main microorganisms associated with seeds are fungi that cause various damages, both in the field phase, as well as in the post-harvest phase and during storage. In this last phase, the deterioration can occur by the specific action of fungi, thus affecting the physiological quality of the seeds [4] . Seeds are considered an efficient means of survival and dissemination of pathogens, which are responsible for numerous diseases of economic importance [5] .
To reduce the spread of pathogens via seeds, the best method is the use of seed free of contamination or within established tolerance standards for the crop. In this way, from the sanitary point of view, the ideal seed would be that free of any undesirable microorganism. However, this is not always possible, since the sanitary quality of the seeds is highly influenced by the climatic conditions under which they were produced and stored [6] .
In this context, treatment with fungicides during storage is shown as an alternative to be adopted by seed producers, to ensure quality during the storage period, as well as the adequate establishment of the crop in the field, maintaining a good productivity of the seeds cultures [7] .
Therefore, the objective of this research was to evaluate the effect of storage period on the physiological and sanitary quality of seeds of BRS Pintado and MSOY 8866 soybean cultivars, treated or not with the active ingredients pyraclostrobin + methyl thiophanate + fipronil.
MATERIALS AND METHODS

Experimental Site Description
The experiment was conducted at the Phytopathology Laboratory and at the experimental field of UNEMAT, Campus of Tangará da Serra -MT, Brazil. Located at 14  37'10 '' S and 57  29'09''W, with average altitude of 320 meters.
Were evaluated four storage periods (0, 2, 4 and 6 months) were evaluated, two soybean cultivars (BRS Pintado and MSOY 8866), and seeds treated or not with the mixture of pyraclostrobin + methyl thiophanate + fipronil.
Experimental Design Description
Laboratory tests were conducted in a completely randomized design (DIC) with four replicates, and eight replicates were used in the sanity test. In the field the experiment was conducted in randomized blocks (DBC) with xxx replications. After the treatment, the treated seeds were either not separated into sub-samples, stored in paper bags and stored at a temperature of 24 ± 2°C for a period of 0, 2, 4 and 6 months.
Tests Performed
After the storage periods, the quality tests (water content, germination, IVE, length and dry mass of shoots and roots, accelerated aging) and seed sanity were carried out.
The water content of the seeds was determined using the greenhouse method at 105 ± 3ºC for 24 hours, with four replications and the results expressed as percentage according to the Rules for Seed Analysis [8] .
Seed germination was evaluated with four subsamples of 50 seeds, in a paper towel substrate (germitest) in a roller form, which were kept in a germinator at a constant temperature of 25ºC. The volume of water used to moisten the substrate was equivalent to 2.5 times the mass of the dry paper. The evaluation was performed at seven days, computing the percentage of normal seedlings [8] .
The emergence velocity index (IVE) was evaluated in beds under field conditions, with plots of 1.0 x 1.0 m, with six rows, containing 25 seeds each, totaling 200 seeds per plot. Daily counts were made until stabilization for three consecutive days, considering the seedlings whose cotyledons were above ground level, after applying the formula of [9] .
At the end of the germination and emergence tests in seedbeds (20 days after sowing), 10 random seedlings were taken by repetition, in order to determine the length of the shoot and the roots in centimeters.
The dry mass of the seedlings from the germination test was obtained after drying the aerial part and the roots in a forced ventilation oven at 65°C for three days. After this period, weighed, in grams, with the aid of a semianalytical balance.
The accelerated aging test was performed with four sub-samples of 50 seeds. The seeds were distributed on aluminum screens, fixed inside gerbox boxes (11.0 x 11.0 x 3.0 cm), where 40 mL of distilled water were added. The boxes were capped and kept in a germination chamber (BOD), set at a constant temperature of 41°C for 48 hours [10] . Afterwards, the seeds were submitted to the germination test [8] with the evaluation performed on the fifth day, computing the percentage of normal seedlings.
The sanity test was performed by the filter paper method [9] with 25 seeds arranged in previously disinfected 15 cm diameter acrylic Petri dishes containing paper moistened with sterile distilled water plus dichlorophenoxyacetate sodium (2,4-D) and about 15 ml of agar-water medium. Subsequently, the plates were incubated at 24 ± 2 ºC, under a photoperiod of 12 hours, for seven days. Stereoscopic microscopy was used to identify the fungi. After identification, the percentage of occurrence of fungi Aspergillus spp, Cercospora kikuchii, Colletotrichum dematium var. truncata and Fusarium spp.
Statistical Analysis
Statistical analysis of the data was performed in the Sisvar program [11] . To compare the means between the treatments, the Tukey test was used at 5% of probability and the regression according to the nature of the data.
RESULTS AND DISCUSSION
There was a significant reduction in the occurrence of fungi fusariand Fusarium spp., with increased storage time, both in treated and nontreated seeds (Figs. 1A and 1B) . This reduction was very marked in the first two months of storage. Seed-associated fungi may promote physiological quality reduction and uneven emergence, lead to partial or total loss of productivity, and a significant increase in production cost [12] . In addition, infected seeds can introduce and disseminate pathogens in new production areas, favoring the advancement of diseases in the field [13] .
When analyzing the effect of storage on cultivars as a function of seed treatment, there was a significant difference in the occurrence of Colletotrichum dematium var. truncata, in cv. MSOY 8866, where seed treatment provided a reduction in the occurrence of the pathogen throughout the storage period when compared to the seed without treatment (Fig. 1A ). This fungus can cause the death of seedlings and black spots on the veins of leaves, stem and pods of soybeans. It has in the seeds the most efficient vehicle of dissemination. When soybeans enter the initial stage of pod formation, the disease is called anthracnose, which can lead to total pod drop or seed deterioration when there is a delay in harvesting. The pods, when infected in stages R3 and R4, begin to acquire a dark brown to black color and become twisted. The infected parts usually present several black scoring points along the tissue, which are the fungus fruits [14] .
On the other hand, in the analysis of the incidence of Fusarium spp, it can be observed that the two cultivars presented significant responses, and the chemical treatment made possible the lower incidence of the fungus. Similar to that occurring with Colletotrichum dematium var. truncata, the reduction was accentuated as early as the first months of storage in both treated and untreated seeds (Fig.  1B) .
In relation to the occurrence of Fusarium spp, cv. BRS Pintado untreated showed a minimum point of 3.2 months, with a 0.56% occurrence. The cv. MSOY 8866 treated had its minimum point of 3.16 months, where the trend of fungus occurrence showed a negative result, while the untreated one obtained the minimum point with 3.07 months with occurrence of 6.37%. Among the diseases that affect soybean cultivation, damping-off is considered to be one of the main causes caused by a group of soil and seed fungi, which, occurring separately or together, can cause tipping in pre-seedlings and postemergence. One of the main causal agents responsible for tipping soybean seedlings is Fusarium spp [15] .
Analyzing the response of the treated or untreated seeds of the two cultivars within each storage period, it was observed that there was a significant interaction for the occurrence of Colletotrichum dematium var. truncata in the seeds of cv. BRS Pintado treated or not when compared to the seeds of cv. MSOY 8866 in all storage times. However, cv. BRS Pintado showed no significant difference between treated and non treated seeds at each storage period for Colletotrichum dematium var. truncata. In cv. [2] .
Analyzing the cultivars within each storage period, for occurrence of Fusarium spp., The cv. BRS Pintado treated presented lower averages than the cv. MSOY 8866 treated before being submitted to storage (zero months), however did not differ significantly in the other storage times (Table 1 ). In the seeds that did not receive treatment, cv. BRS Pintado showed lower occurrence of fungus in relation to cv. MSOY 8866, at storage times 0, 2 and 6 months. In cv. BRS Pintado there was statistical difference between the treated seeds or not only in the storage season zero month, with less occurrence of Fusarium spp. In cv. MSOY 8866, the treated seeds had a lower incidence of this fungus, differing from the seeds that did not receive the treatment at all times of storage ( Table 1) .
The results found corroborate with the studies of [17] , who stored soybean seeds in a cold chamber, observed the decrease of Fusarium spp. Similarly [3] observed that Fusarium semitectum fungus, although occurring at low incidence, also lost viability during the storage period. Differently from [18] , which obtained high values in the incidence of Fusarium sp.
As for the occurrence of fungi Cercospora kikuchii and Aspergillus spp, it was observed a significant interaction between the storage and cultivar factors. As the storage time advanced, there was a marked reduction of these fungi, especially in the first three months ( Figs. 2A and  2B ).
Considering the storage period for the seeds of each cultivar alone, the occurrence of Cercospora kikuchii was significant only in cv. MSOY 8866, where storage naturally reduced the occurrence of this fungus ( Fig. 2A) . Although it is the most commonly found fungus in seed lots, it does not affect germination. It can be introduced into the crop by means of infected seed if it is not treated with fungicide and can survive in the cultural remains. The disease is favored by temperatures between 23 and 27 ° C and high humidity [16] .The control of this disease is the use of pathogen free seed, seed treatment and aerial part applications, using systemic fungicides [16] . The same occurred with Aspergillus spp, however, the reduction was significant for both cultivars, with a marked reduction at two months of storage (Fig. 2B ). According to Bail et al. [19] , the fungus Aspergillus. is a saprophytic fungus, that is, it can develop in the seeds when the storage environment presents the condition of temperature and relative humidity of the elevated air. The results of the author, evaluating the health of soybean seeds submitted to treatment with fungicide, fungicide + insecticide and fungicide + insecticide + micronutrient at different storage times disagree with the present work, since the author verified that fungus infestation decreased in all treatments with increased storage time.
The point of minimum occurrence of Cercospora kikuchii in cv. MSOY 8866 occurred at 3.06 months of storage. As for Aspergillus spp, the minimum point was observed with 3.15 and 3.10 months for the cultivars BRS Pintado and MSOY 8866, where 0.17% and 9.49% of the fungus occurred, respectively.
The cv. BRS Pintado presented lower occurrence of Cercospora kikuchii than cv. MSOY 8866 before the start of storage (zero months). The other seasons did not differ (Table  2) .
Regarding the occurrence of Aspergillus spp., Cv. BRS Pintado presented higher mean incidence of fungus when compared to cv. MSOY 8866 before storage (zero months). In the other storage periods, we observed an inverse result, where the highest occurrence of Aspergillus spp occurred in seeds of cv. MSOY 8866 ( Table 2 ).
The results of the infestation by Cercospora kikuchiicorroboram with [19] , who also observed significant difference of the control in relation to the treated seeds, regardless of the type of treatment.
Contrary results for the occurrence of Aspergillus spp. were obtained by 20. Pereira et al. [20] who, research with stored soybean seeds, concluded that field-associated fungi decreased during storage, while storage fungi increased.
In treated or untreated soybean seeds, the occurrence of Aspergillus spp decreased with the advance of storage, and the most abrupt fall occurred around 4 months of storage.
The drop was significant of the treated seeds in relation to the untreated seeds, reflecting the effectiveness of the chemical treatment on the fungus occurrence. With the increase of the storage time, the untreated seeds presented reduction of the fungus occurrence. The best regression adjustment was the quadratic, where for treated seeds or not, there is minimal occurrence at 2.99 months and 3.19 months (Fig.  2C) .
In all storage periods, the mean values of the treated seeds presented lower occurrence of Aspergillus spp, differing significantly from the untreated seeds (Table 2 ).
In the occurrence of Aspergillus spp, there was a significant interaction between the cultivars and the seed treatment. The cultivars did not differ statistically for treated seeds. In the untreated seeds, cv. BRS Pintado showed a lower incidence of the fungus. There was also a statistical difference for the occurrence, where the two treated cultivars presented lower averages of fungus incidence (Table 3) .
Regarding the water content of the seeds, there was a significant interaction between all the factors. There was reduction of the water content until the fourth month of storage with subsequent increase (Fig. 3A) .
Both the treated and untreated seeds of the two cultivars had similar behavior. This fact may have been caused by some alteration in the relative humidity of the air in the storage environment and, as a consequence, there was an increase in the water content of the seeds to reestablish the hygroscopic equilibrium. The higher water content of the treated seeds of the two cultivars at the beginning of storage may have occurred due to the increase of moisture by the syrup used in the chemical treatment.
The lowest water content of the treated seeds of the two cultivars was observed around 2.5 months of storage, reaching 7.47% in the seeds of both cultivars. For the untreated the point of minimum water content was around 2.2 months and percentages of 7.78% and 7.41% were obtained in cv. BRS Pintado and cv. MSOY 8866, respectively.
Analyzing the results of water contents in the seeds within each storage period, it was observed that cv. BRS Pintado treated presented higher values better response in relation to cv. MSOY 8866 treated before storage (zero months), however did not differ from each other at 2, 4 and 6 months. On the other hand, in the seeds that did not receive treatment, cv. BRS Pintado showed higher mean water content in relation to cv. MSOY 8866, at storage times 2 and 4 months, but did not differ at 0 and 6 months (Table 4 ).
Analyzing the treated or untreated seeds of cv. BRS Pintado, it was observed that in the treated the lowest mean water content was found before storage, with the highest averages in storage times 2 and 4 months, and no difference in storage 6 months. The water content in cv. MSOY 8866 treated was longer storage periods of 0 and 2 months, and did not differ at 4 and 6 months compared to untreated ( Table 4 ).
The initial elevation of water content was also found by Scheeren et al. [21] , that when researching with soybean seeds observed the elevation of water contents. To explain the elevation of water content in the seeds from the fourth month of storage [7] , researching with storage of soybean seeds, noticed an increase in the water content at the end of the storage period due to the increase of the relative humidity and consequent hygroscopic equilibrium of the seed with environmental conditions.
There was an increase in seed length of seedlings from the germination test as the storage period was increased in both treated and untreated seeds of both cultivars (Fig. 3B ).
The length of the roots of the cv. MSOY 8866 slightly differed between treated and untreated seeds. The cv. Pintado presented greater difference between treated and non treated seeds, where the length of the roots originated from untreated seeds had the best response at 4 and 6 months of storage.
It was obtained greater length of the roots of the seedlings from the germination test from seeds of cv. MSOY 8866 treated at 2 and 4 months of storage and not treated at 0 and 2 months. The cv. BRS Pintado was better for root length at 6 months of storage (Table 4) .
Seeds of soybeans from cv. BRS Pintado plants produced seedlings with a longer root length before storage (2 months), but the means were lower in relation to those not treated at 4 and 6 months. Seeds of cv. Untreated MSOY 8866 stood out for root length only prior to storage (zero months) relative to treated seeds ( Table 4) .
As a result, the root length results of soybean seedlings from seed germinated on paper roll corroborate with those obtained by
of the commercial product did not find any difference in the length of the roots of the seedlings in relation to the other treatments.
Seedlings from soybeans treated or not obtained from the standard germination test (germitest paper) showed an initial decrease in shoot length values, however, with the passage of the storage periods, these values increased again. The effect of the chemical treatment on the seeds was significant only at the beginning of the storage, not differing with the times. For the treated and untreated seeds, minimum points were observed at 2.68 and 2.18 months, with a length of 5.99 and 6.40 cm, respectively (Fig. 4A) . In the comparison between cultivars, initially cv. BRS Pintado was superior to cv. MSOY 8866 then followed downward trend and subsequent growth, however, not differentiating. The cultivars BRS Pintado and MSOY 8866 showed a minimum point of 2.65 months and 2.32 months, reaching 6.27 and 6.15 cm in length, respectively (Fig. 4B) .
Therefore, before being stored (zero months) treated seeds and cv. BRS Pintado were superior to those untreated and from cv. MSOY 8866, respectively ( Table 5 ). ) at the dose of 100 mL 100 kg -1 of seed, of the commercial product, observed a longer shoot length than the controls, which did not receive treatments.
Regarding the speed index of emergence (IVE), seeds of cv. BRS Pintado maintained the speed of emergency in the different periods of storage, differentiating significantly from the cv. MSOY 8866 in all periods. Seeds of cv. MSOY 8866 presented decrease in the emergency speed with the increase of the period of storage. The maximum points for cultivars BRS Pintado and MSOY 8866 were observed with 2.72 and 1.68 months where the IVE was 32.06 and 27.27, respectively (Fig. 4C) .
The cv. BRS Pintado obtained better IVE means in relation to cv. MSOY 8866, at all times of storage ( Table 5 ). The effect of the chemical treatment on this variable was not significant.
For the variables, leaf length of the emergence speed (AC) plants, dry mass of the leaves of the emergency speed index (MSI), dry mass of the germination seedlings (RS) and germination of seeds subjected to accelerated aging (GRMEA), there was no interaction between the factors tested, but significant only for the isolated storage factor.
The length of the aerial part showed decrease in the first two months of storage, after this period there was an increase in the length of the aerial part of the plants according to the storage time. The minimum point occurred with 2.39 months with a length of 7.77 cm (Fig. 5A) .
The dry mass of the aerial part decreased with the passage of storage time, and in the sequence there was an increase in the mass dry matter. The minimum point occurred at 2.98 months with the weight of 2.428 g (Fig. 5B) .
The dry mass values of the roots and germination in the accelerated aging test decreased to that while the storage time was increased (Figs. 5C and 5D ).
By correlating the water content of these seeds with their physiological quality, the results contradict the studies of [22] , which reports that stored soybean seeds below 9% allow safe storage for months without altering quality physiological.
The cv. BRS Pintado obtained better means in relation to cv. MSOY 8866 for the germination data of the seeds submitted to the accelerated aging test (GRMEA), germination (GRM), the length of the aerial part of the plants of the emergency speed index (CA), the dry mass of the aerial part of the germination plants (MSA), of the dry mass of the root section of the germination plants (MSR) ( Table 6) The average germination percentage of the untreated seeds presented better results in relation to the treated seeds (Table 7) . Germination and vigor tests are fundamental for quality control in seed production, through which it is possible to identify lots with higher and lower chances of being successful during the germination of plants [23] . These results were also found in research with corn, where some products, when applied alone or in combination with fungicides, decreased seed germination and seedling survival due to toxicity [24] . 
CONCLUSION
The cultivar BRS Pintado presented better performance in relation to cv. MSOY 8866.
The chemical treatment anticipated with the chemical in association with the seed storage did not affect the physiological quality during six months of evaluation, allowing the maintenance of the sanitary quality of the seeds.
